Abstract-A bidirectional high gain four-element printed dipole array for WLAN (2.4/5.8 GHz) applications is analyzed and successfully implemented in this paper. Each element used is a double-side printed dipole fed with a balance twin-lead transmission line. A wide-band balun is implemented for the dipole array. Both simulated and measured data are pretty matched. According to the measured results, the bandwidth with return loss less than −10 dB is about 280 MHz (2250-2530 MHz) and 510 MHz (5470-5980 MHz) in the two operating bands, the measured gain for 2.4 GHz band is between 4.5 and 5.9 dB, and 6.1-8.9 dB for 5.8 GHz respectively. Good shaped patterns have also been attained by tuning parameters of the dipole array.
widely used to provide dual-band characteristics. However, the gains of these kinds of antennas are low. In this paper, a novel dual-band bidirectional high gain dipole array antenna for application in a wireless local-area network (WLAN) access point in 2.4 and 5.8 GHz bands has been presented. With proper dimensions chosen for dipole array, the gain of the antenna is 4.5-5.9 dB for 2.4 GHz band, and 6.1-8.9 dB for 5.8 GHz band, which is much better than [13, 14] . This enhanced-gain characteristic is very attractive for practical applications.
Details of the proposed antenna design are presented, and the experimental results of a constructed prototype suitable for 2.4 and 5.8 GHz WLAN operation are also discussed. Figure 1 shows the geometry of the proposed dual-band planar dipole array antenna for 2.4 and 5.8 GHz WLAN, and detailed parameters of the antenna are shown in Table 1 . The proposed array antenna is printed on both sides of an FR4 substrate, with a thickness of h = 0.8 mm, a dielectric constant of ε r = 4.4, and size 70×65 mm 2 . The proposed antenna is composed of two longer dipoles and two shorter ones. The longer dipoles control the excitation of the 2.4 GHz band and the shorter ones control the 5.8 GHz band. To provide a transition between the connector and the balanced transmission line, a wide-band balun [15] is used. By carefully tuning the element spacing (d) and the distance between the element and ground (P L ), desired shaped patterns can be obtained. 
ANTENNA CONFIGURATION
P w1 P w2 P L1 P L2 P L d 2 mm
EXPERIMENTAL RESULTS AND DISCUSSION
The reflection coefficients of the array antenna are simulated by HFSS software and the measured results are obtained by WILTRON37269A network analyzer. Figure 2 shows the photograph of the fabricated dipole array antenna on the top and back view. Figure 3 shows the measured return loss for the proposed antenna with a circular ground plane (shown in Figure 1) , and the simulated and measured results agree very well. The measured bandwidth with return loss less than −10 dB is about 280 MHz (2250-2530 MHz) and 510 MHz (5470-5980 MHz) in the two operating bands. Figure 4 and Figure 5 plot the radiation patterns at the centre frequencies of the 2.4 and 5.8 GHz bands. The measured results show that good bidirectional patterns can be obtained at each band and the direction of the patterns is θ = 40 • in the x-z and y-z plane. Figure 6 shows the measured peak antenna gain. Across the 2.4 GHz band, the antenna gain is 4.5-5.9 dB, and 6.1-8.9 dB for 5.8 GHz respectively. The peak antenna gains are much higher than that proposed in [13, 14] . Frequency [GHz] simulated peak gain measured peak gain Figure 6 . Measured peak gain for the proposed antenna.
CONCLUSIONS
A novel double-side printed dipole array antenna for WLAN operation has been successfully demonstrated in this paper. The proposed antenna shapes the coverage pattern of the wireless data transmission and shows dual-band impedance bandwidth covering 2.4 and 5.8 GHz bands. The gains of the antenna are excellent high in the two operating bands. This enhanced-gain characteristic is very attractive for practical applications. The antenna can be used as a hallway antenna or ceiling mount antenna for WLAN application.
